This paper describes a unique project-based course used successful by the ABET-Accredited Civil Engineering Program at the United States Military Academy (USMA) to greatly enhance the academic program. The three general project classifications available within this senior course are service-based (i.e., USMA, the Army, local community, etc.), competition-based (i.e., steel bridge, concrete canoe, timber bridge, Big Beam), and research-based. The exceptional student work provided at little to no cost to the client has opened up a ground swell of service and research projects now constantly offered to the program coordinator by prospective clients. We believe these independent study projects are successful due to our students being prepared through openended design in nearly every course we offer and through some initial project-based learning in earlier courses.
I. Introduction
Initial ABET requirements for increased design coverage nudged our program to increase design in our senior courses and to develop an integrated, multi-discipline design experience. Program assessment led us to consider design throughout the curriculum even before the current ABET 2000 design considerations. The more experience the students have with the design process, even with partial design experiences, the more prepared students are to complete a major design experience and better understand the many moving parts/disciplines of real design. Therefore, design begins in our Statics course using the West Point Bridge Designer (WPBD) program after coverage of trusses. Even though the students have not been taught about material properties and how it affects performance, the WPBD program allows the students to design a truss bridge, load test it, determine the performance, and modify the design until they have the most economical structure for the given conditions. Through this process they are able to connect analysis to design during the initial analysis courses which facilitates better understanding of analysis/design in later courses. We have design in most of the required courses: strengths of materials, hydrology, soil mechanics, structural analysis, steel design, reinforced concrete design, and the capstone -design of structural systems. Additionally, there is design in many senior electives to include our independent study course. The design experience becomes more open-ended and creative as the student progresses through the curriculum, especially in the steel and reinforced concrete design courses, with culmination in a design of an entire structure (either steel, timber, concrete, etc.) that meets a long list of a real client's needs.
So what is project-based learning and how does it fit? It is defined by some as learning through projects to motivate student self-learning (construct own knowledge base), to establish connections with the real-world outside of the classroom through solving complex, multi-disciplinary problems, and to work in teams while making decisions on how to determine answers and solve problems (San Meteo, 2001; Kraft, 2000 , LTSN Engineering, 2001 . We have used narrowly defined projects in our mechanics, soils, analysis and hydrology courses to set the stage for our semester long projects in our steel, reinforced concrete, and of course, the capstone course. The independent study projects represent our best example of project-based learning.
For over 30 years, independent study projects have been offered to civil engineering students at USMA, but only to the top 2-3 students in the program. The projects focused on in-depth study in a specific civil engineering sub-discipline with the ultimate goal being greater student knowledge through self-study and occasional faculty guidance. In the mid-eighties, the ASCE steel bridge and concrete canoe competitions were added as yearly projects. It quickly became evident that the best team of students, those possessing hands-on skills, would not always come from the top tier of students. In fact, most of the students wanting to be part of these competitions were not in the top tier. Faculty were concerned whether these students would be self-starters and be able to complete the work required to design and then build the prototype for the competition --all in one semester. By the end of the semester, most faculty advisors and students found the experience (project-based learning) to be exhilarating, challenging, and just plain different from the normal academic experience. It was a win-win situation! Research and scholarship activities gained greater focus in the mid-nineties with the addition of civilian faculty at USMA, and soon all faculty were spending more time on research, a trend that is occurring at many primarily undergraduate colleges. The inclusion of undergraduates in research was a natural extension of faculty research and a welcome addition to the list of available studentcentered learning projects. At the same time, many faculty were involved heavily within their community and knew of potential service-based projects that would also challenge and educate the students. It became obvious that many students would love the opportunity to put their skills to work and produce a product that met a real need.
In the fall of 1999, we decided to expand the civil engineering independent study program to ensure that every senior CE major had the opportunity to participate in an open-ended projectbased learning experience. This course is in addition to the required capstone experience that all students must participate in (the required capstone course ensures that all four CE sub-disciplines are addressed in the project). Student assessment data from the handful of students who participated in the previous years highlighted the value of the experience and conveyed the excitement they felt in providing a service to a real client. Therefore, an expanded project list was developed consisting of the three general project classifications: service-based (i.e., USMA, the Army, local community), competition-based (i.e., steel bridge, etc.), and research-based. Another important key within these projects, besides being a project-based student learning experience, is thatall are client-based projects.
II. Projects
The Department of Civil and Mechanical Engineering is extremely proud of the variety and number of projects it offers students. Consideration is given to the complexity of each project so that the workload for each project will fall within an acceptable window and the number of projects available in all three areas ensures each CE major has the opportunity to participate in an open-ended project.
Many projects each year are associated with some type of national competition or provide a needed service to our local community. However, many students support research being conducted by the faculty, often in conjunction with Army Labs. The average project group size is two to four students. Each project requires contribution, cooperation, and expertise from every member of the team, while allowing maximum student, client, and faculty advisor interaction. Students enrolled in any independent study project must present an oral brief at the end of the semester on Projects Day (Welch, 2002) and submit a comprehensive written report at the end of the project.
a. Community Service Projects
Community service projects have been extremely valuable at educating the community about engineering and building ties with local organizations (Welch and Ressler, 2002) . These local organizations and communities receive a valuable service from the students in the form of a design, a professional report, and/or a physical structure at a negligible cost. These organizations / communities have, in turn, informed other groups that have aggressively sought assistance from the department. Students learn to interact with community sponsors, many who have little technical training, and contribute to the local area in a meaningful way. Recent project sponsors ranged from sports clubs at the academy to a local humane society. Large funding requirements must come from the client, while small amounts, if the client has limited funds, come from our alumni organization, the Association of Graduates (AOG).
A complete list of community service projects and clients over the last five years are in Table 1 . 
b. Competition Projects
Competition projects are conducted at regional and national levels. Funding for these projects is primarily through our alumni organization, AOG, and donations of skills, equipment, and materials from interested sponsors/clients, such as PDJ Components associated with the Timber Bridge Competition Vander Schaaf, 2001a and 2001b) . These design, build, and compete projects usually involve various technologies and bring out the best effort in our students. Students become very knowledgeable about their building material and construction practices, and they develop well structured and organized competition design teams. Competition projects are highly desirable for many students since they are competitive by nature, but traveling and winning are high on the list as well. The ability to travel and participate in the national competition is always dependent on the quality and progress of their product. Teamwork and project management skills go a long way in these major design projects.
A complete list of competition projects is in Table 2 . 
c. Research Projects
Research projects give students an excellent opportunity to participate in existing research at an Army laboratory or with USMA faculty members ). Many of these projects allow students to have access to data and computing facilities not available at USMA. Some research project sponsors are not even in our local area, but an initial visit to the laboratory, constant communication (usually through e-mail and teleconferencing), and any necessary follow up visits with the sponsor at West Point usually provides sufficient direction. Often, the client organization can provide the required travel funds for the students to visit the lab. Many of these projects allow our students to influence new Army technology that they may use after they graduate and enter the Army.
A complete list of research projects and clients from the past five years are in Table 3 . 
III. Assessment
Client-based open-ended projects provide a wonderful opportunity for students to use all their skills to creatively solve a problem, while allowing the faculty another opportunity to assess whether the students have met course and even ABET requirements. We have assessed the effectiveness of our projects principally through the use of our institution's course-end feedback system. This system is administered entirely over the worldwide web and features a small number of USMA-standard survey questions, supplemented by department-specific and course-specific questions of our own choosing. Students respond to these questions using a scale of 1 (strongly disagree) to 5 (strongly agree). For the USMA-standard questions, this system allows us to compare our own students' survey responses to those of all other students at USMA taking more traditional courses, i.e., not independent studies. More importantly, the inclusion of coursespecific questions allows us to survey our students about their achievement of specific course objectives.
On their course-end feedback, the students have been extremely supportive of completing openended projects, especially for a real client. Relevant data are provided in Figures 1-3. Fig 1 shows  CE489 (client-based project-based course listing) student responses to USMA-standard questions that relate specifically to the quality of instruction and student learning; nonetheless, we also believe these particular responses also reflect student satisfaction with the course described in this paper. Baseline values are averages for CE489 and USMA-wide responses over the last five years. The USMA baseline responses have been extremely stable over time. In 2003, we had two projects with extremely low scores on the USMA questions. The advisors for these two projects were not able to provide the type of support the students felt was necessary; they just were not available. Even though this is an independent study, some students still want to discuss ideas with faculty and occasionally receive guidance. Earlier it was mentioned that there is a need for total faculty buy-in. In this case the faculty were focused elsewhere. However, overall feedback is phenomenal considering that the students only meet once a week with the faculty advisor. Even though some of the students were not happy with the support from the advisor, the student's felt they accomplished (Fig. 2) The next logical question is how well do the different types of projects (service-based, competition-based, and research-based) in CE489 actually compare to one another? Competition projects have a defined end point -a product that can compete at the regional conference. Service projects generally have an envisioned physical product from the beginning or a design that helps the client in their decision making process. On the other hand, research projects do not always have as clearly defined end point and may only be one piece of a multi-year study. As shown in Figure 4 (Term 01-2), the three different types of projects received similar feedback results. When looking at Figures 5-7 for the following three academic years, the competitions were rated lower than other projects in Terms 01-2 thru 03-2, but saw a strong rebound in Term 04-2. Given the high numbers on the annual composite ratings (consistently above 4.0), it only takes one or two disgruntled students to affect the rating. Independent study projects tend to be less structured and higher risk, so the chance of one student having a really bad experience increases. Most projects require creativity, initiative, and innovation which many students are not as prepared to initially execute themselves. When faculty do not have the solution or if the project is not fully defined at the beginning of the semester, some students are initially uncomfortable. However, most overcome and enjoy the added freedom of choice. Overall, the three types of projects provide a different experience for each grouping of students while at the same time requiring the student to produce a solution to a client-based open-ended independent study project.
In response to the "free text" question, "what did you learn from the course", a few of the student responses follow: • Students can make a difference.
• We have the knowledge to solve real-world problems.
• I know more than I thought I did about engineering and the problem solving methodology.
• I learned that there is much more to civil engineering than what I have learned in formal training.
• Working on an ambiguous project is more time consuming than other projects here.
• How to think outside of the box.
• That real-world problems require in-depth thinking and problem solving and that the skills I have learned earlier in my student career are actually applicable.
• My designs will work in real life and I am capable of designing something that works.
• A designer MUST take into consideration constructability.
• There are so many points in a project to get stopped or distracted. I learned how to anticipate them and react to them.
• I enjoyed learning how to "sell" an idea.
One student appropriately summarized the learning experience as follows: "I learned more in this course than any other I have taken in the program." Many other comments emphasized how much students valued being involved with real engineers, customers, and projects.
Projects Day itselfprovides an opportunity to assess the curriculum (Welch, 2002; DPOM, 2001) . ABET 2000 Criterion 3(g) states that graduates must have an ability to communicate effectively (Dean's Policy, 2001 ). Clients receive a written product and a formal brief either at Projects Day or at the clients' business. Having spent at least a semester on a project, most design groups are so familiar with entire project that preparation for the presentation was really not a huge burden considering all the required information is in the completed report. Figure 2 , Question D5 is an objective assessment measuring the students' confidence to present their capstone project.
Faculty advisors also receive informal feedback from the clients. Most have reported enjoying working with the students and receiving a valuable product in return. Most of the sponsors volunteered again and many clients solicited the students' assistance in subsequent years, which is further evidence of their satisfaction with the program. In fact, the Popolopen Brook Bridge project was a multiple year project based on the quality of the work the first year (Welch and Ressler, 2002) . The excitement for the product displayed in Figure 8 drew in representatives from the New York Bridge Authority who were extremely impressed with the creativity displayed. The more permanent bridge, a cable-stayed suspension bridge, constructed by the New York Bridge Authority had its genesis in the work completed by the first student working on the bridge design. As stated above, the faculty advisors are essential to the success of projects from year to year. The independent study projects are not a free activity. There is a substantial cost in terms of time and effort that faculty could spend on other activities. While the goal is for the student to do the work, the faculty advisor often needs to intervene to keep the project moving. Many faculty have questioned whether the program is worth the effort, especially when first-year instructors who are still learning to teach must participate. In faculty surveys, we assessed the cost benefit ratio to be around 1.0. The student derives a huge benefit but requires a significant contribution from the faculty. We have asked ourselves whether we can afford to continue this program given its cost. We have concluded that how can we afford to not continue it given its unique benefit that students receive from no other course.
IV. Conclusion
The students are providing solutions to real world problems for real clients. The reverse is also true, student involvement in solving the mix of problems and/or designing/building products stimulate the clients and sponsors to become heavily involved during the process. Increased client participation enhances not only the quality of the product, but the experience for the student and client. These semester-long project-based learning experiences benefit all, including the faculty. The assessment shows that the students find the program demanding, but enjoyable and worthwhile because it forces them to push the boundaries of their knowledge through initiative, self-study, perseverance, and creativity through open-ended project-based courses.
